Abstract: Our paper deals with the consequences of the Swiss National Bank's decision in January 2015 related to the CHF/EUR exchange rate regarding the non-linearity of the RON/CHF, HUF/CHF, and PLN/CHF exchange rate time series . The analysis focuses on the 2014 and 2015 years, respectively, using the daily data of the three national banks . Starting out from the conventional unit root tests (ADF, PP, and KPSS), we complete our analysis with the usage of the Threshold Autoregression model (TAR) recommended by Caner and Hansen (2001) , testing the non-stationarity and nonlinearity .
Introduction
Our paper analyses the effects of the CHF/EUR exchange rate shock changes on a few Central-Eastern European state currencies such as RON, HUF, and PLN . Our research focuses on the study of the exchange rates' nature, using a series of unit root tests and a threshold autoregressive (TAR) model for the years 2014 and 2015 . We start from the presumption that the consequences of the Swiss National Bank's decision made in January 2015 are reflected properly by the traditional and TAR tests in comparison with the 2014 time series in the case of the analysed currencies .
Literature review
The non-stationarity and non-linearity of financial and economic time series is a basic question in literature . The most commonly used unit root tests, ADF (Augmented Dickey-Fuller) and PP (Phillips-Perron), are testing the null hypothesis of non-stationarity . In contrast, the KPSS Lagrange Multiplier test evaluates the null of stationarity (Tsay 2005) .
The Threshold Autoregressive model (TAR), a non-linear time series model, was introduced by Tong (1978) . A time series Y t is a Self-Exciting Threshold Autoregressive (SETAR) process if it follows the model .
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, . Such a process partitions the one-dimensional Euclidean space into k regimes and follows a linear AR model in each regime . The overall process Y t is non-linear when there are at least two regimes with different linear models (Tsay 1989) . In our calculations, the threshold variable identification in a two-regime TAR model estimation is based on the unit root test proposed by Canner and Hansen (2001) , where the null hypothesis of the threshold effect is tested using the Wald statistic .
The model was widely used in the case of economic time series, studying the unemployment rate, the interest rates, the price evaluation, stock indices, and foreign exchange rates for non-stationary and non-linearity identification (Hansen 2011) .
In the two-regime TAR model proposed by Canner and Hansen (2001) , the parameters t 1 and t 2 control the stationarity and the null hypothesis of the nonstationary threshold autoregression H 0 : t 1 = t 2 (a unit root in both regimes and no threshold effect) is tested using the Wald statistic, with two alternatives: H 1 : the first one, as a stationary and ergodic time series based on the one-sided Wald statistic, H 2 : the second, as a non-stationary process (a unit root process in one regime, but it will behave like a stationary process in the other regime), with two-sided Wald statistic (Canner Hansen 2001) .
In our calculations, we have used a MATLAB code, with a 10,000 bootstrap approximation . Panos et al . (1997) analysed the equilibrium models of real exchange rate determination in the presence of transaction costs, considering that they imply a non-linear adjustment process toward purchasing power parity (PPP) . Their results, based on monthly data for the interwar period and annual data spanning two centuries, for GBP, USD, French franc and German mark, reject the linear framework in favour of an exponential smooth transition autoregressive process . They evaluate the linear autoregressive model against the ESTAR alternative . For every exchange rate considered, they find that linearity is clearly rejected.
Taylor et al . (2001), based on Monte Carlo simulations, indicate that when the real exchange rate is non-linearly mean-reverting, standard univariate unit root tests have low power, while multivariate tests have much higher power to reject a false null hypothesis .
In their paper, Imbs et al . (2003) examine the sources of persistent international sectoral price differentials using non-linear modelling; they estimate Threshold Autoregressive (TAR) models at the sectoral level. They confirm the presence of substantial non-linearities in real exchange rate dynamics at the sectoral level . Kapetanios et al . (2003) propose the ESTAR testing procedure to detect the presence of non-stationarity against non-linear but globally stationary exponential smooth transition autoregressive processes, indicating that this test has better power than the standard Dickey-Fuller test . Their results provide an application to ex post real interest rates and bilateral real exchange rates with the US Dollar from the 11 major OECD countries, and their test proved to be able to reject a unit root in many cases, whereas the linear DF tests fail, providing evidence of nonlinear mean-reversion in both real interest and exchange rates . Brooks (2001) combines and generalizes a number of recent time series models of daily exchange rate series by using a SETAR model application of the model based on data regarding the daily French franc/Deutschmark exchange rate . He observed that the behaviour of the conditional variance is quite different between the regimes and that models which allow for different regimes can provide superior volatility forecasts compared to those which do not . Rapach and Wohar (2006) evaluated the out-of-sample forecasting performance of a number of non-linear models of real exchange rate behaviour from the extant literature . They found fairly limited evidence that favours the OT Band-TAR and TPS ESTAR model specifications over simple linear AR benchmark models.
Zhang (2003) extended the tools of time series analysing and forecasting with the usage of the hybrid ARIMA and neural network model .
Data Used
Our database has been built up in order to contain the official daily exchange rate published by the national banks, separated on the two analysed periods: 03 .01 . 2014 -31 .12 .2014 and 05 .01 .2015 -24 .09 .2015 (Figure 1 and 2 ) . 
Empirical Results
In January 15, 2015, the Swiss National Bank (SNB) unexpectedly abandoned its EUR/CHF unofficial floor at €1.20 (Figure 3) . Then, there appeared an increasing volatility in all exchange rates (forbes .com) .
Source: forbes .com First, for the two periods, in order to analyse the nature of the time series, we analysed on the basis of the ADF, P-P, and KPSS tests the null of a unit root, for the three exchange rates . Our results indicate that the ADF test fails to reject the null of non-stationarity for the exchange rate of RON/CHF, HUF/CHF, and PLN/ CHF in 2014, results emphasized also by the PP test in these cases . The results of the KPSS test show that only for the HUF/CHF and the PLN/CHF rate and only for the 2014 period can be rejected the null hypothesis at 1% significance level. In contradiction with these, in 2015, for all three currencies, the ADF and PP tests proved the null of non-stationarity . The results of the KPSS test are similar to the previously mentioned two tests, in 2015 . At the same time, as it was expected, the first differenced series were stationary in all three cases, for both analysed periods ( Table 2) . The optimal delay parameter m value is generally unknown; it was estimated using a 10,000 bootstrap approximation . The results indicate against the null The results presented above indicate the non-stationarity of the time series in two regimes, with two exceptions: the HUF/CHF in 2014 (Table 5a ) and the PLN/ CHF (Table 5b ) in 2015, where there is a unit root process in one regime .
Conclusions
In this paper, we examined the CHF exchange rates' non-linearity and nonstationarity in two periods of times, in 2014 and in 2015, for the currencies of three Central-Eastern European countries . In order to analyse these characteristics of the time series, we used Caner and Hansen (2001)'s TAR test, which is an alternative non-linear model, in comparison with the most commonly used unit root tests .
The ADF and PP unit root tests fail to reject the null of non-stationarity for the exchange rate of RON/CHF, HUF/CHF, and PLN/CHF in 2014 . In contrast with that, in 2015, for all three currencies, the ADF and PP tests indicated the null of non-stationarity . The results of the KPSS test are similar to the previously mentioned two tests at 1% significance level. 
